X-ray reflectivity (XRR) is a powerful tool for investigations on rough surface and interface structures of material surfaces as multilayered thin film. In many previous XRR analysis, the X-ray reflectivity was calculated based on the Parratt formalism, coupled with the use of the theory of Nevot and Croce to include roughness. However, the calculated results of the X-ray reflectivity done in this way often showed strange results where the amplitude of the oscillation due to the interference effects would increase for a rougher surface. The origin of the strange behavior was attributed to the fact that the diffuse scattering at the rough interface was not correctly taken into account by Nevot and Croce. Then we have developed a new formalism in which the effects of the surface and interface roughness are included correctly. The new improved formalism derives an accurate analysis of the x-ray reflectivity from a multilayer surface of thin film materials, taking into account the effect of roughness-induced diffuse scattering. In the new improved formulae for the x-ray reflectivity, the well known reduced Fresnel coefficients for reflection is applied to the Fresnel coefficients for reflection at rough interface. While an accurate analytical formula for the Fresnel coefficients for refraction at rough interface is not available. There are several approximations proposed so far and all these results can be written by including any parameters depend on the proposed approximations. In the present work, we tried to determine these parameters experimentally by comparing the measurements of TEM observation results and x-ray reflectivity.
